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ABSTRACT OF THE DISCLOSURE 
Apparatus for measuring the amount of sound or elec 

tromagnetic radiation from a test object at various fre 
quencies while the test object is in an environment con 
taining radiation reflecting objects whose output could 
easily be confused with output from the test object. In 
one application for measuring sound reflections from a 
test object, the apparatus comprises a loudspeaker driven 
by a Sweep frequency oscillator and a microphone whose 
output is filtered by a sweep frequency filter. The pass 
band frequency of the filter follows the frequency of the 
oscillator by a delay equal to the time required for sound 
to travel from the loudspeaker directly to the object. and 
directly back to the microphone. Accordingly, the filter 
is always tuned to pass the frequency of sound waves 
following this direct path, and to rejection sound waves 
which arrive at a later time when the filter has already 
passed on to a new frequency. 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus and methods for 
measuring the spectral response of an object. 

It is often necessary to measure the amount of radia 
tion emanating from a body at various frequencies. For 
example, the output of a loudspeaker at various fre 
quencies, or the acoustical reflection or transmission char 
acteristics of a door or other object at various frequencies 
must often be determined. It might appear that the acous 
tical output of an object could be determined by ener 
gizing it with a sine wave at one frequency and measur 
ing the sound radiation at a location near the object, 
repeating this procedure for various frequencies within 
the band of interest. However, the object is generally 
surrounded by many other objects which reflect the sound 
waves and prevent the determination of the output of 
the particular object under investigation. 

Special anechoic test chambers have been constructed 
for providing an environment free of extraneous reflect 
ing objects, for testing a single object. However, these 
facilities are expensive, particularly in the case of anechoic 
chambers for electromagnetic radiation such as radio 
waves. Furthermore, there are many situations where the 
characteristics of an object in a particular environment 
must be measured, where an anechoic test area cannot 
be used. For example, the object may comprise a wall 
area of an auditorium, and it may be desired to measure 
the reflection characteristics of that wall independently 
of the floor, ceiling or other wall areas. 
OBJECTS AND SUMMARY OF THE INVENTION 
One object of the present invention is to provide ap 

paratus which measures the acoustical characteristics of 
an object or area located at a predetermined distance. 
Another object of the invention is to provide apparatus 

for measuring the amplitude of radiation from an object 
at various frequencies. 

Still another object of the invention is to provide ap 
paratus for measuring the phase shift of radiation from 
an object at various frequencies. 
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2 
In accordance with the present invention, there is pro 

vided apparatus for measuring the radiation from a test 
body by energizing it to produce radiation which varies 
rapidly in frequency. A detector is located a fixed distance 
from the test body. The detector has a narrow passband 
filter whose passband frequency tracks the frequency of 
radiation at the test body. The filter passes only that 
radiation which is received directly from the test body. 
This occurs because the passband of the filter reaches 
the frequency of radiation which previously emerged from 
the test body at the same time as the radiation, traveling 
through the air or other medium, reaches the detector 
and filter. Radiation reflected or otherwise made to emerge 
from any other object in the environment takes a shorter 
or longer path and arrives at a time when the filter is 
not tuned to pass it. 

In one application of the invention, the response of a 
loudspeaker is tested in an ordinary room containing 
sound reflecting surfaces, by energizing the loudspeaker 
with signals from a sweep frequency oscillator. A micro 
phone is positioned a fixed distance from the loudspeaker 
to detect sound from it. The output of the microphone is 
passed through a tunable bandpass filter. The filter is tuned 
or driven to track the frequency of the Sweep frequency 
oscillator, the offset in tracking being equal to the time 
required for sound to travel from the loudspeaker through 
the air directly to the microphone. Thus, when the sound 
waves of a particular frequency emerging from the loud 
speaker reach the microphone, the filter is tuned to that 
frequency. Sound reflected from objects in the room reach 
the microphone at a later time when the filter is tuned 
to a different frequency, and they do not pass through the 
filter. The amplitude of the filter output can be displayed 
as a function of the frequency of the oscillator at each 
instant, to show the spectral response of the loudspeaker. 
The invention can be used to measure the spectral re 

sponse of a passive test object in an environment of other 
objects by projecting radiation at the objects and measur 
ing the amplitude of radiation emerging from just the test 
object. For example, it may be desired to measure the 
acoustical reflection or transmission coefficients of a door 
at various frequencies when the door is in place. This 
requires that reflections or transmissions from the Seal 
ing areas around the door be eliminated. In accordance 
with this invention, a loudspeaker and microphone are 
set up on directly opposite sides of the door to measure 
sound transmission through it. The loudspeaker is ener 
gized by a sweep frequency oscillator and the microphone 
output is filtered by a tunable filter. The passband of the 
filter is offset from the oscillator so that the filter reaches 
a previous oscillator frequency after a delay equal to the 
transit time of sound directly from the loudspeaker to the 
door and then to the microphone. The sweep is fast 
enough and the passband narrow enough to eliminate 
sound taking a longer path, such as a path passing 
through the seal around the door. 
The invention can be used to detect objects such as 

pipes lying in the ground at any particular depth, to 
detect defects in materials at particular depths, and in 
many other applications. Furthermore, electromagnetic 
radiation may be used in the same manner as sound radia 
tion, by replacing a loudspeaker and microphone by 
altennas. 

In one embodiment of the invention, the sweep fre 
quency oscillator comprises a linear voltage controlled 
oscillator which is driven by a circuit that generates ramp 
voltages. The output of the sweep frequency oscillator, 
whose frequency varies at a constant rate, is delivered to 
a loudspeaker directed at a test object. The received 
radiation is detected by a microphone. The output of the 
microphone is delivered to a multiplier or modulator cir 
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cuit which also receives the output of the sweep frequency 
oscillator. The output of the multiplier is equal to the 
difference in frequency between the transmitted and re 
ceived radiation. This difference frequency is constant for 
a given radiation path. 
The output of the multiplier is delivered to a narrow 

band filter, whose center frequency is equal to that differ 
ence frequency which is obtained for sound waves foll 
lowing a particular path. The filter output is rectified and 
delivered to the Y or vertical input of an oscilloscope 
for indicating the amplitude of the filtered signals at every 
instant. The X or horizontal sweep of the oscilloscope is 
driven by the same ramp voltage which drives the vari 
able frequency oscillator. The oscilloscope shows the 
amplitude response to the object being tested at each 
frequency. 
The novel features of the invention are set forth with 

particularity in the appended claims. The invention will 
best be understood from the following description when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a simplified block diagram of a time 
delay spectrometer constructed in accordance with the 
invention; 
FIGURES 2A through 2D illustrate several applica 

tions of the invention; 
FIGURE 3 is a more detailed block diagram view of 

a time delay spectrometer of the type shown in FIGURE 
1; and 
FIGURE 4 is a block diagram of a time delay spec 

trometer constructed in accordance with the invention 
which indicates phase delay at various frequencies. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGURE 1 illustrates a simplified time delay spec 
trometer, showing its principles of operation. The appara 
tus is used for determining the coefficient of reflection at 
various frequencies of a test object 10 which is sur 
rounded by various interfering objects, one of which is 
shown at 12. The reflection characteristics of the test 
object 10 are determined by generating sound waves of 
various frequencies with a loudspeaker 14. The sound 
waves reflected by both objects 10 and 12 are received by 
a microphone 16. In order to measure the reflection 
characteristics of the test object 10, it is necessary to 
differentiate the radiation it reflects from the radiation 
reflected by other objects such as interfering object 12. 

In accordance with the present invention, sound waves 
which do not represent direct reflections from the test 
object are differentiated by the fact that they arrive at a 
different time (generally later) from the sound waves 
received from the test object. The manner by which the 
radiation which traverses a shorter or longer path than 
the radiation to be detected is excluded is a principal 
novel feature of the invention. 
The loudspeaker 14 is energized by the output of a 

Sweep frequency oscillator 18 whose frequency varies 
continuously with time and at a constant rate. The oscil 
lator 18 may contain a sweep voltage generator 11 which 
energizes a voltage controlled oscillator 13. The output 
of the Sweep frequency oscillator begins at a low level 
such as 200 Hz. and increases to a high level such as 20 
kHz, during a one second interval, and then begins again 
at 200 Hz. The time required for the sound waves to 
travel from the loudspeaker 14 to the tested object 10 
and then to the microphone 16 is a period At; in one 
application, this period may be on the order of 4 milli 
seconds during which time the oscillator output fre 
quency changes by approximately 80 Hz. Accordingly, 
the output of the microphone 16 includes a signal 16 
representing reflections of the test object, which tracks 
the oscillator output frequency with an offset, such as 80 
Hz., representing the frequency change during the in 
terval At. 

O 

5 

20 

25 

30 

35 

40 

60 

65 

70 

75 

4. 
The output of the microphone 16 is delivered to a tun 

able filter circuit 19 having a narrow passband, the pass 
band center frequency varying with time. The tunable 
filter 19 comprises a mixer or modulator 20 which mixes 
the transmitted frequency from oscillator 18 with the 
output from the microphone. The mixer output includes 
the difference frequency Af which is equal to the change 
in frequency of the oscillator output during the interval 
At required for sound to pass from the loudspeaker 14 
to the test object 10 and then to the microphone 16. 
Only this difference frequency Af passes through a nar 
row bandpass filter 21 of the tunable filter circuit. The 
tunable filter 19 therefore acts as a filter which tracks 
the sweep oscillator output f(t) by an offset frequency 
Af, i.e., it acts as a filter of a frequency f(t)-Af. The 
output of the filter 19 therefore has an amplitude pro 
portional to the amount of sound reflected from the tested 
object. 
Sound waves reflected from an interfering object 12 

travel along a path which is different from the path of 
waves received from the test object. As a result, waves 
from the interfering object reach the microphone 16 after 
a delay of more than At. When these waves arrive at the 
microphone 16, the tunable filter 20 has already been 
tuned to a different frequency, so that the reflections from 
the interfering object do not pass through the filter. Ac 
cordingly, they do not affect the output of the filter. In 
a similar manner, waves traveling directly from the loud 
speaker 14 to the microphone 16 arrive too early to pass 
through the filter and affect its output. 
The output of the tunable filter 19 represents the ampli 

tude of sound reflections from the test object, the ampli 
tude at any instant representing the coefficient of reflec 
tion for a particular frequency. If a direct current meter 
24 with very slow response time (e.g., less than a second 
for 1 second sweeps) is energized with the filter output, 
the meter indicates the average coefficient of reflection of 
the object for the range of frequencies. If it is desired 
to determine the reflection coefficient for any particular 
frequency, this can be done by using the filter output to 
drive the vertical or Y input of an oscilloscope 26. The 
horizontal or X axis of the oscilloscope is swept in syn 
chronism with the change in frequency of the sweep oscil 
lator 18, as by driving it with the output of the sweep 
voltage generator 11. 
The apparatus of FIGURE 1 can be used in a number 

of ways in addition to determining the reflection coeffi 
cients of a known object. As shown in FIGURE 2A, a 
Sonic transducer such as a vibrator or shaker 15 can be 
directed into the ground, and a geophone 17 positioned 
to receive reflected sound waves to locate an object 28 
such as a pipe having a known frequency response char 
acteristic. A more precise discrimination between various 
objects can be made than has been possible heretofore. 
The approximate velocity of sound in typical ground 
compositions, water, and other media, is known, and the 
delay At can be adjusted for a desired depth in the par 
ticular medium. 

Another use of the apparatus, illustrated in FIGURE 
2B, is to enable the testing of a loudspeaker 14B or other 
radiating device without the necessity for an anechoic 
chamber. This can be done by energizing the loudspeaker 
14B with the output from the sweep frequency oscillator 
and adjusting the delay At to the time required for sound 
to travel directly from the loudspeaker to a microphone 
16B. The angle A between the axis of the loudspeaker and 
the location of the microphone can be varied to measure 
off-axis output. 

Still another use of the apparatus, indicated in FIG 
URE 2C, is to measure the velocity of propagation of 
waves in an unknown medium 21. For example, the type 
of composition of a ground area is indicated by the veloc 
ity of propagation of Sound waves of various frequencies. 
A sonic transducer 23 is driven by a sweep frequency 
oscillator 18C for introducing sound waves of various 
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frequencies into the ground at one location. A detector 
25 is located a predetermined distance from the trans 
ducer 23. The output of the detector is delivered to a 
tunable filter 19C. The passband of the filter is the differ 
ence frequency f(t)-Af between the frequency f(t) of 
the oscillator 18C and an offset frequency Alf of a filter 
tuning means 27. The tuning means 27 can be manually 
adjusted to vary the offset. The offset frequency Alf is 
slowly increased from a low value, and the amplitude at 
each frequency is observed on an oscilloscope. The time 
required for sound to travel the shortest path between 
the transducer 23 and the detector 25 at various frequen 
cies is indicated by the offset required to obtain a con 
siderable amplitude output for that frequency. 
While examples have been given for sound radiation, 

it should be recognized that the same principles apply to 
electromagnetic radiation. For radio waves, antennas are 
Substituted for the loudspeaker and microphone, or other 
Sonic transducers, and in many situations higher frequen 
cies are used. FIGURE 2D shows a setup for measuring 
the output of a transmitting antenna 29 at a particular 
angle D by detecting the radiation with a receiving an 
tenna 31 positioned at that angle. This can be done in 
the presence of a reflecting body 33 in the environment. 
FIGURE 3 is a more detailed block diagram of a cir 

cuit for generating a sweep frequency to energize a trans 
mitter to control a tunable filter. The sweep frequency 
oscillator 30 comprises a sweep voltage generator 32 that 
generates ramp voltages. The Sweep frequency oscillator 
also includes a high frequency voltage controlled oscil 
lator, or VCO 36 which generates a sinusoidal output 36 
having a frequency linearly proportional to the voltage 
input thereto. The output of the VCO repeatedly sweeps 
between a lower frequency, such as 100 kHz, and a higher 
frequency such as 120 kHz. in a Sweep time such as one 
second, the frequency changing at a constant rate during 
each sweep. 
The output of the VCO36 is delivered to a mixer circuit 

38, where it is modulated by the output of a manually 
tunable oscillator 39. The manually tunable oscillator 39 
has a constant frequency output 39 of a frequency 
100k-F. The mixer 38 generates an output 38' hav 
ing a frequency equal to the difference between the out 
puts of the VCO 36 and the manually tunable oscillator 
38 (the sum frequencies are filtered out by a filter, not 
shown). The difference frequency sweeps between Fo 
and 20k--F in synchronism with the sweep output of 
the VCO. This difference frequency output 38' is de 
livered to a loudspeaker 40 to drive it. 
The loudspeaker 40 directs its output to an object 42 

which reflects some of the sound waves to a microphone 
44. The length of the direct path from the loudspeaker 
40 to the object 42 and from thence to the microphone 
44 is accurately known. During the time At required to 
traverse this path, the loudspeaker frequency changes 
by an amount Af equal to Fo (Fo is chosen to be this 
value). The output of the microphone 44 is delivered to 
a turnable filter 46 for passing only those received fre 
quency components which represent reflections from the 
object 42. 
The microphone output is first delivered to a modulator 

or mixer circuit 48 of the tunable filter the mixer circuit 
48 also receives a signal from the VCO 36 to the Sweep 
frequency oscillator. The mixer circuit 48 delivers a signal 
which contains the difference between the frequencies 
of its inputs. The portion 48 of this signal which repre 
sents reflections from the test object 42 is at a known 
frequency, such as 100 kHz. This difference signal 48 
is passed to a narrow band filter 54 which passes only 
a very narrow frequency component, such as the 100 
kHz. component. The filtered output passes through a 
rectifier 58 to the tunable filter output 60. The output 
at 60 has an amplitude at all times proportional to those 
inputs to microphone 44 which represent reflections from 
the object 42. 
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In considering the operation of the circuit of FIGURE 

3, the tunable filter 46 acts like a narrow passband filter 
whose frequency can be varied. An output from the sweep 
frequency oscillator performs this variation so that the 
tunable filter passband tracks the frequency of the loud 
Speaker output by the required offset. This is accom 
plished in the actual circuit by mixing the transmitted 
and received frequencies and passing the difference fre 
quency through a constant frequency filter which is set 
to pass only the required offset frequency. 
The output signals of the tunable filter can be viewed on 

an oscilloscope 62 by connecting the output 60 to the 
Y, or vertical input of the oscilloscope. The X or hori 
Zontal sweep is taken as the voltage output of the volt 
age sweep generator 32 in the sweep frequency oscillator. 

It should be noted that at any given instant, the X 
axis Sweep of the oscilloscope 62 represents the frequency 
being transmitted, while the Y axis represents the ampli 
tude of the signals transmitted at an earlier time. Because 
of this offset, the highest frequencies from the test ob 
ject 42 are received at a time when the oscilloscope be 
gins a new sweep, and the object response to these fre 
quencies cannot be measured. The response at a high fre 
quency can be measured by increasing the maximum 
frequency within the sweep band, or by sweeping in a 
reverse direction, that is, by starting each sweep at the 
highest frequency and decreasing linearly to the lowest 
frequency. 
The rejection of sound radiation from other objects 

in the environment, by the circuit of FIGURE 3, is 
based on the different time or arrival of radiation from 
these other objects. The output of the microphone 44 
may contain additional frequency components, such as 
that shown at 44' which represents radiation following 
a longer path. This will give rise to a component 48’’ 
at the mixer output, which is too high in frequency to 
pass through the narrow band filter 54. In order to ad 
just the apparatus to a different radiation path length 
between the loudspeaker, object and microphone, the 
output 39 of the manually tunable oscillator is adjusted. 
The path length for which radiation will be detected 
varies in direct proportion to the component Fo of the 
output 39 from the manually tunable oscillator. 

While information about the amplitude of radiation 
from a particular body is useful, information about the 
phase of radiation from the body is also of importance. 
Knowledge about the exact phase shift indicates the ma 
terial at the surface of the test body, or the exact range 
of the body. For example, a precise determination of the 
phase shift of reflected radiation can indicate the dis 
tance of an object within a small fraction of a wavelength 
of the highest frequency radiation. 
FIGURE 4 illustrates apparatus for accurately meas 

uring the phase shift of radiation from a body. The ap 
paratus is similar to the apparatus of FIGURE 3 in that 
it contains a VCO 70 which is driven by a sweep voltage 
generator 72. The VCO output is modulated by a con 
stant frequency signal in a mixer 74, whose output is 
delivered to a loudspeaker 76. The loudspeaker radiates 
sound which reaches a microphone 78, and the micro 
phone output is delivered to another mixer 80. The sec 
ond mixer modulates the microphone output with the 
VCO output, and the difference passes to a narrow band 
filter 82. The filter output can be used to measure the 
frequency response of a test object in the manner de 
scribed above in connection with FIGURE 3, or it can 
be used to measure phase shift using the rest of the circuit 
of FIGURE 4. 

In the circuit of FIGURE 4, the output of the narrow 
bandpass filter 82 is passed through a limiter 84 to re 
move amplitude variations. The limiter output is deliv 
ered to a phase detector 86 for detecting the phase differ 
ence between the transmitted and received radiation. The 
phase of the transmitted radiation is derived from a divid 
er or countdown circuit 88 whose frequency is a fraction 
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of the frequency of a crystal reference oscillator 90, and 
in a controlled phase relationship. The crystal oscillator 
output also is divided by a frequency synthesizer 92 to 
obtain the mixer signal which is delivered to the loud 
speaker. The reason why the frequency synthesizer 92 is 
used is to enable the generation of any frequency within 
a range, with a very accurately controlled frequency and 
with a predetermined phase relationship to the crystal 
oscillator output. 
The phase difference between the transmitted and re 

ceived radiation is indicated by the output from the phase 
detector 86. The phase difference for any frequency within 
the band of transmitted frequencies (except for a small 
frequency band at the low end of each sweep, as described 
above) can be measured on an oscilloscope. The phase 
detector output 86' is delivered to the Y-axis input 
of an oscilloscope 94, whose X axis is swept by the output 
of the Sweep voltage generator 72. The oscilloscope then 
displays the phase shift along the frequency band of trans 
mitted frequencies. 
As described above, the invention allows for the detec 

tion of radiation of known frequency from a particular 
object while rejecting radiation of the same frequency 
from other objects, by reason of the different path lengths. 
While this can be accomplished with a continually swept 
frequency, it can also be performed with radiation which 
repeatedly steps in frequency. In such a case, the filter 
can also step in frequency, or be swept. The problem 
with such an arrangement is that the radiation at 
any particular frequency has a starting transient. It re 
quires an appreciable time for the starting transient to die 
down, and this time often may exceed the difference 
in time for different radiation path lengths in the testing 
environment. On the other hand, a continuously swept 
frequency (during sweep periods) generally eliminates 
transients, and better discrimination is possible. 
The rate of frequency variation must be high enough 

So that radiations following substantially different paths, 
taking them to two different bodies in the environment, 
arrive at times when the filter is at two substantially differ 
ent frequencies. The difference in center frequency of the 
filter passband at the different arrival times must be 
sufficient to exclude the unwanted radiation. The required 
difference depends upon the width of the filter passband. 
For example, for objects close enough to each other 
to provide a difference in path length of eight feet, and a 
filter of 140 Hz passband width for 6 db rejection, a 
SWeep rate of 20 kHz per second will be sufficient. A pass 
band approximately equal to the square foot of the sweep 
rate yields optimum special discrimination while retain 
ing optimum frequency discrimination. For a greater 
frequency discrimination, i.e., to measure response at fre 
quencies close to each other, a filter of narrower band 
width must be used, together with a lower sweep rate. 
This reduces the ability to discriminate against objects 
close to the desired object, i.e., spacial discrimination. 
Alternatively, spacial discrimination can be increased at 
the cost of frequency discrimination. 
Although particular embodiments of the invention have 

been described and illustrated herein, it is recognized that 
modifications and variations may readily occur to those 
skilled in the art, and consequently, it is intended that 
the claims be interpreted to cover such modifications and 
equivalents. 
What is claimed is: 
1. Apparatus for time delay spectrometry comprising: 
transmitting means for transmitting radiation which 

varies in frequency with time; 
receiving means for receiving said radiation; 
means coupled to said transmitting and receiving means 

for indicating the amplitude of frequency compon 
ents of radiation received by said receiving means 
which have a frequency equal to the frequency of said 
radiation at said transmitting means at a predeter 
mined previous time; and 
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8 
means responsive to the instantaneous frequency of 

radiation transmitted by said transmitting means for 
indicating the relationship between the amplitudes 
of said frequency components and the frequency of 
said rotation; 

2. Apparaatus as defined in claim 1 wherein: 
said transmitting means comprises means for varying 

the frequency of said radiation substantially con 
tinuously during sweep periods, whereby to avoid 
transient signals. 

3. Apparatus as defined in claim 1 wherein: 
said transmitting means comprises a sweep frequency 

oscillator for generating a signal whose frequency 
varies substantially at a constant rate during sweep 
intervals and a transducer driven by the output of said 
oscillator; and 

said means for detecting comprises tunable filter means 
coupled to said receiving means, and means coupled 
to said oscillator for controlling the passband fre 
quency of said filter means. 

4. Apparatus as defined in claim 1 wherein: 
said transmitting means comprises a sweep frequency 

oscillator whose output varies at a substantially con 
stant rate during Sweep intervals; and, 

said means for detecting frequency components com 
prising: 

modulator means having a first input coupled to 
said receiving means, a second input coupled to 
said transmitting means for receiving signals of 
a frequency which varies at the same rate as 
the frequency of transmitted signals during at 
least a portion of said sweep intervals, and an 
output; and 

a narrow passband filter coupled to said output 
of said modulator means. 

5. Apparatus for measuring the amplitude of radiation 
from a first body, independently of radiation of the same 
frequency from another body, comprising: 

means for energizing said first body to produce radia 
tion which continuously varies in frequency during 
predetermined intervals; 

radiation detecting means spaced from said bodies for 
detecting, at each instant, substantially only the com 
ponents of said radiation which have a frequency 
equal to the frequency of radiation emerging from 
said first body at a time which is previous by a period 
equal to the time required for said radiation to tra 
verse the distance between said first body and said 
detecting means; and 

means coupled to said radiation detecting means for 
indicating substantially the relationship between the 
amplitude of said components detected by said detect 
ing means and their frequency. 

6. Apparatus as defined in claim 5 wherein: 
said means for energizing comprises means spaced a 

predetermined distance from said first body for gen 
erating radiation; and 

said radiation detecting means comprises transducer 
means for converting radiation passing a particular 
area into electrical signals, tunable filter means cou 
pled to said means for energizing for passing only 
frequency components representing the frequency of 
said radiation at said first body at a time which is 
previous by a period substantially equal to said time 
required for said radiation to traverse the distance 
between said means for generating radiation and said 
first body plus the time required for said radiation to 
traverse the distance between said first body and said 
detecting means, and means for indicating the ampli 
tude of said frequency components. 

7. Apparatus as defined in claim 5 wherein: 
said means for energizing includes means for varying 

said frequency at a constant rate; and 
Said radiation detecting means comprises filter means 
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coupled to said means for generating to pass only 
components of received radiation having a frequency 
which differs from the frequency of said radiation at 
Said means for energizing by a predetermined differ 
ence frequency, and means for indicating the ampli 
tude of components of said difference frequency. 

8. A method for indicating the radiation characteristics 
of an object in an environment of other bodies which can 
radiate comprising: 
applying radiation which varies rapidly in frequency, 

to said object; 
detecting radiation at a point spaced from said object; 

and 
filtering said detected radiation to determine the ampli 

tude of only the components having a frequency equal 
to the frequency of radiation at said object at a pre 
determined time previous to its detection. 

9. A method as defined in claim 8, including: 
indicating the relationship between the amplitude of 

said components in said detected radiation and the 
frequency of radiation at said object which produced 
those components. 

10. A method as defined in claim 8, including: 
indicating the phase relationship between said com 

ponent in said detected radiation and the phase of 
said applied radiation. 

11. Apparatus for time delay spectrometry compris 
g 
transmitting means for transmitting radiation which 

varies in frequency with time; 
receiving means for receiving said radiation; and 
means coupled to said transmitting and receiving 
means responsive to frequency components of radia 
tion received by said receiving means which have a 
frequency equal to the frequency of said radiation 
at said transmitting means at a predetermined pre 
vious time, for indicating the phase shift between 
said frequency components and said radiation at 
said transmitting means at a predetermined previous 
time. 

12. Apparatus for time delay spectrometry compris 
Ing: 

transmitting means including: 
means for generating a sweep signal which varies 

linearly with time, 
means for generating an offset signal of constant 

offset frequency, 
a mixer for mixing said sweep and offset signals, 
and 

means for transmitting an output of said mixer; 
receiving means for receiving said output transmitted 
by said means for transmitting; and 

means coupled to said transmitting and reeciving means 
including: 

modulator means for modulating signals from said 
receiving means with signals from said trans 
mitting means which vary at the same rate as 
said sweep signal, 

band pass filter means coupled to said modulator 
means for passing a particular freqeuncy, and 

phase detection means coupled to the output of 
said band pass filter means and said means for 
generating an offset signal, for generating a 
signal indicating the phase difference between 
the output of said band pass filter means and a 
signal derived from said offset signal. 

13. Apparatus for measuring the amplitude of radia 
tion from transducer means, independently of radiation 
of the same frequency from another body, comprising: 

means for generating an electrical signal which varies 
in frequency with time; 
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means for applying said electrical signal to said trans 

ducer means; and 
radiation detecting means spaced from said transducer 
means and said another body for detecting substan 
tially only the components of said radiation which 
have a frequency equal to the frequency of radia 
tion emerging from said transducer means at a time 
which is previous by a period equal to the time re 
quired for said radiation to traverse the distance be 
tween said tarnsducer means and said detecting 
caS 

14. Apparatus for measuring the response character 
istics of a body comprising: 

a variable frequency oscillator, including means for 
Sweeping its frequency along a band of frequencies 
at a predetermined constant rate with respect to 
time; 

means for applying the output of said oscillator to 
said body to cause the emanation of radiation from 
said body; 

transducer means for detecting said radiation; 
modulator means for modulating the output from said 

transducer with a signal which varies at said prede 
termined constant rate; 

pass band filter means coupled to said modulator 
means for passing frequency components of a par 
ticular frequency; and 

means coupled to said filter means and said oscillator 
means for indicating the relationship between the 
frequency of Said radiation which was applied to 
said body at a predetermined instant and the am 
plitude of said frequency components, whereby to 
obtain the amplitude response of said body at va 
rious frequencies. 

15. Apparatus for time delay spectrometry compris 
1ng: 

first oscillator means for generating signals which vary 
in frequency at a constant rate during predetermined 
periods; 

second oscillator means for generating a signal which 
has a constant frequency; 

first mixing means for mixing the outputs of said first 
and second oscillator means to obtain a signal for 
radiating which is offset in frequency from the out 
put of said first oscillator means by a predetermined 
frequency dependent upon the output of said second 
oscillator means; 

second mixing means for mixing detected radiation 
signals with the output of said first oscillator means; 

filter means coupled to said mixing means for passing 
only components of a predetermined frequency; 

means coupled to said second oscillator means for de 
riving a signal having a frequency which is a pre 
cisely constant multiple of the freqeuncy delivered 
by second oscillator means to said first mixing means; 
and 

phase detection means for indicating the phase between 
said components from said filter means and the sig 
nal from said means for deriving a signal. 
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CERTIFICATE OF CORRECTION 
Patent No. 3,466,652 Dated September 9, 1969 

Inventor(s) Richard C. Heyser 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Column l, line 27, "rejection" should read -- reject --, 
Column 5, line 63, "to" should read -- of --. Column 7, 
line 24, "lengths" should read -- length -- ; line 49, 
"foot" should read -- root -- ; line 50, "special" should 
read -- spacial -- . Column 8, line 5, "rotation" should 
read -- radiation --. Column 9, lines 24-25 "component" 
should read -- components--; line 53, "reeciving" should 
read -- receiving -- ; line 60, "freqeuncy" should read 
-- frequency --. Column lO, line lo, "tarnsducer" should 
read -- transducer -- ; line 56, before "second" insert 
-- said -- . 

Signed and sealed this 7th day of November l972. 

(SEAL) 
Attest : 

EDWARD M.FLETCHER, JR. ROBERT GOTTSCHALK 
Attesting Officer Commissioner of Patent 
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